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The DNA sequences of a novel human ytherpes-
virus type 8 (HHV-8) have recently been detected
in Kaposi's sarcoma (KS) lesions obtainedfrom
differentpopulations in whom this neoplasm oc-
curs, suggesting that this virus may be impli-
cated in the etiology and/or pathogenesis ofKS.
To study the distribution and possible means of
transmission of the putative viral agent, speci-
mens of KS skin lesions, matched uninvolved
skin, peripheral blood mononuclear ceUs (PB-
MCs), and semen were coUected from 12 HIV-
positive homosexual men with acquired immune
deficiency syndrome (AMDS)-related KS (AIDS-
KS) and 2 human immunodeflciency virus (HIV)-
negative homosexual men with KS. HHV-8 virus
DNA was detected by polymerase chain reaction
(PCR) studies in aU 14 ofthese KS specimens and
in 6 of14 biopsies ofnormal-appearing skin dis-
tantfrom any KS lesions including 1 uninvolved
skin specimenfrom an HIV-negative homosexual
male with KS. In addition, 3 of12 PBMC samples
and 3 of 12 semen samples from the AIDS-KS
patients were positive for HHV-8. The DNA se-
quences of HHV-8 were not detected in the
matched semen and PBMC specimens obtained
from 2 HIV-negative homosexual men with KS, 4
HIV-positive homosexual patients without KS, 2

HIV-seronegative healthy homosexual men, 5
HIV-positive heterosexual male intravenous
drug users, or5 healthy HIV-negative heterosex-
ual donors. Using PCR in situ, positive signals
for HHV-8 were demonstrated in the B lympbo-
cyte subsets of PBMCs and/or in spermatozoa
and mononuclear cells in the semenfrom some of
the PCR-positive specimensfrom the AIDS-KSpa-
tients examined. These data show that HHV-8 is
present in and couldpossibly be transmitted via
semen and/or bloodfrom some homosexual men
with AIDS-KS. (Am J Pathol 1997, 150:147-153)

The DNA sequences of what appears to be a unique,
human y-herpesvirus type 8 (HHV-8) have recently
been detected in acquired immune deficiency syn-
drome (AIDS)-associated Kaposi's sarcoma (AIDS-
KS).1 The increased prevalence of the DNA se-
quences of this virus have also been found by
polymerase chain reaction (PCR) in KS specimens
obtained from distinct and unrelated non-human-im-
munodeficiency-virus (HIV)-infected populations, in-
cluding the classical indolent type of KS, a rare
disease seen primarily on the lower extremities in
elderly men of Eastern European or Mediterranean
origin; the more aggressive, endemic forms of KS
frequently occurring in Central Africa; the iatrogenic
KS occurring in immunosuppressed patients after
organ transplantation; and in a group of 29 HIV-
negative, immunocompetent, homosexual men with
a mild form of KS being followed at New York Uni-
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versity Medical Center.2-5 These data support the
association of HHV-8 with KS among the various
populations in which KS occurs and suggests a pos-
sible role for HHV-8 in the pathogenesis of this neo-
plasm.

Various epidemiological studies concerning
AIDS-KS predominantly seen in homosexual men in
the United States have suggested that this disease
may be related to a sexually transmissible agent
other than HIV.67 KS is infrequently seen among
AIDS patients in the United States who acquired their
HIV infection perinatally, by heterosexual transmis-
sion, or through blood such as hemophiliacs or in-
travenous drug users (IVDUs).8 It seems likely that
the putative agent, HHV-8, is prevalent among ho-
mosexual males with AIDS-KS and may potentially
be more readily transmitted by sexual activity be-
tween homosexual men.

Recent in situ hybridization studies by Boshoff et
al9 and by us10 have shown that DNA of HHV-8 is
found in the endothelial cells lining the vascular
spaces and perivascular spindle-shaped cells histo-
logically characteristic of KS tumor lesions.

In this study, we examine matched specimens of
KS tumor lesions, uninvolved skin, PBMCs, and se-
men from 12 patients with AIDS-KS and 2 HIV-neg-
ative young homosexual men with KS for the pres-
ence of HHV-8 by PCR and/or PCR in situ
hybridization (PCR-ISH).

Materials and Methods

Samples and Preparation
Fresh 4-mm punch biopsy samples of KS skin tu-
mors, normal-appearing skin, semen, and blood
were obtained from 14 patients with biopsy-proven
KS; 12 were HIV-positive homosexual men with
AIDS, and 2 were HIV-negative, immunocompetent,
homosexual men being followed at New York Univer-
sity Medical Center since 1986. Control specimens
included paired blood and semen specimens from 4
homosexual male AIDS patients without KS, 2
asymptomatic HIV-seronegative homosexual men, 5
heterosexual HIV-positive patients who were IVDUs,
and 5 healthy HIV-negative heterosexual donors.
The subjects who volunteered to participate in these
studies gave informed consent.

The PBMCs were separated from the 15 ml of
fresh heparinized blood collected from each donor
by Ficoll gradient centrifugation. An aliquot of each
PBMC sample was incubated with monoclonal anti-
body to CD21 (Dako Corp., Carpenteria, CA) at 4°C
for 30 minutes, followed by the addition of sheep

anti-mouse IgG-coated magnetizable particles. The
B lymphocytes of these samples were then sepa-
rated and harvested magnetically (Dynal, New York,
NY) as previously described.11

Fresh semen samples were collected in sterile
plastic screw top jars; the semen specimens were
centrifuged at 5000 rpm for 15 minutes at 4°C in
plastic centrifuge tubes to separate the cells from the
semen supernatant fluids.
The DNA used for the PCR studies was extracted

from each of the specimens including the KS skin
lesions, uninvolved normal-appearing skin, PBMCs,
sera, semen cell pellets, and semen supernatants
from each donor by proteinase K digestion followed
by phenol-chloroform extraction and ethanol precip-
itation, as previously described.2

PCR Analysis
Special precautions were taken to avoid carry-over
contamination between the specimens analyzed by
PCR in our laboratory as previously described.2 The
handling of the various tissue specimens and extrac-
tion of the DNA from the tissues before PCR evalua-
tion was carried out in a specially isolated room,
distant from the laboratory where the PCR analyses
were performed. Moreover, the primer pair used for
the PCR in this study (5'-TCA CAT CTG ACG TTG
CCT ATT TCC-3', 27 to 50 bp, and 5'-GTA CCG CAT
AAT GTC TTC CTT GTG-3', 287 to 310 bp) were
derived from open reading frame 25 and are differ-
ent from primers used in previous publications.1,2
The addition of uracil-DNA glycosylase and dUTP
were also included in the PCR performed in these
experiments, which has been shown to eliminate
possible carry-over DNA contamination between
specimens undergoing concurrent evaluation. 12 The
PCR products were then analyzed on a 1.5% aga-
rose gel, transferred to nylon membrane, and hybrid-
ized with [Y-32P]ATP-end-labeled internal probe (5'-
AGC GTTTGT TCT ACG ACC ATT CAA TAC CAG-
3', 123 to 152 bp).1

Southern Blot Analysis
For genomic DNA Southern blot analysis, the DNA
preparations were digested with the restriction en-
donuclease HindlIl (Boehringer Mannheim, India-
napolis, IN), electrophoresed on a 0.8% agarose gel,
blotted to Genescreen membranes (DuPont, Wil-
mington, DE), and then hybridized with [a32P]dCTP-
labeled probe specific for the HHV-8 DNA sequenc-
es.2 After sequential washing in 2X standard saline
citrate (SSC), 1X SSC, and then 0.5X SSC (1X SSC
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contains 0.15 mol/L sodium chloride, 0.015 mol/L
sodium citrate) at 650C, the membranes were then
exposed to Kodak x-ray film for 24 to 48 hours.

PCR-ISH
The PCR-ISH13 studies were performed on fresh B
lymphocyte and semen cell pellets that were
smeared onto glass slides, air dried, fixed with 10%
buffered formalin, and then treated with proteinase K
(1 ,ug/ml) for 15 minutes at 370C. After washing, PCR
was performed on the slides using the hot-start PCR
method in 50 ,tl of a solution containing 3 U of Taq
polymerase, 4 mmol/L MgCI2, 200 ,tmol/L dNTP,
0.05% bovine serum albumin, and 20 ,umol/L primers
mentioned above. The smeared specimens were de-
natured at 940C for 5 minutes, followed by 20 cycles
of 94°C for 1 minute and 55°C for 1 minute in a Gene
Amp in situ PCR thermocycler (Perkin-Elmer, Nor-
walk, CT). The slides were washed and dehydrated
with 100% ethanol. The HHV-8 DNA probe used was
the same internal sequence as described above,
labeled with digoxigenin by oligoprobe end-labeling
using Genius Kit (Boehringer Mannheim). Hybridiza-
tion solution containing the labeled probe was ap-
plied to the slides and then denatured at 950C for 10
minutes. After incubation at 420C overnight, the
slides were washed twice for 10 minutes at room
temperature with 2X SSC, twice for 10 minutes at
550C with 2X SSC, and then twice for 10 minutes at
550C with 1X SSC.

Immunological studies were performed by apply-
ing the anti-digoxigenin antibody conjugated with
alkaline phosphatase (Boehringer Mannheim) to the
slides. Color staining was observed at the site of the
target nucleic acid by the addition of a solution con-
taining a substrate-chromogen with nitroblue tetra-
zolium and also levamisole (Sigma Chemical Co., St.
Louis, MO), which inhibits the endogenous alkaline
phosphatase activity.13 The positive control amplifi-
cations and hybridizations were carried out using
primer pairs and probe for ,B-globin.9 The omission of
Taq polymerase or the primer pair in the PCR reac-
tion or the use of a probe with digoxigenin-labeled
pBR322DNA (Boehringer Mannheim) served as neg-
ative controls.

Results
In agreement with previously published reports, the
DNA fragment of HHV-8 was detected by PCR in all
12 of the AIDS-KS tumor specimens and the KS
tissues from the 2 HIV-negative homosexual men
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Figure 1. Detection ofherpesvirus-like DNA in 14 matched KS lesions,
uninvolved skin, semen, and PBMCs by PCRfollowed by Southern blot
hybridization with a specific HHV-8probe. Lanes 1 and 2, specimens
from an HIVseronegative patient with KS; lanes 3 to 14, samplesfrom
AIDS-KS; lanes a, KS tumor; lanes b, Uninvolved skin. lanes c, Semen.
lanes d, PBMCs; n, negative controls; p, positive controls. The size of
amplified products is shown on the right.

with KS.1-4 Positive signals were also observed by
PCR in 5 of the 12 uninvolved, normal-appearing skin
specimens obtained from the AIDS-KS patients and
1 of the 2 uninvolved skin samples examined from
the HIV-negative homosexual men with KS.

The HHV-8 DNA was detected by PCR in 3 semen
cell pellets and 3 PBMC samples from the 12 pa-
tients with AIDS-KS. Of the AIDS-KS patients, 5 were
found to be positive for HHV-8 in either their semen
and/or their PBMCs; only 1 of these cases was pos-
itive for HHV-8 in both his semen and PBMCs (Figure
1). In addition, positive signals for HHV-8 by PCR
were observed in 3 samples of the B-lymphocyte-
enriched fraction of PBMCs and in 1 sample of se-
men supernatant fluid from an AIDS-KS patient
whose PBMCs and semen cell pellet were also pos-
itive for this virus. However, HHV-8 sequences were
not detected by PCR in any of the sera samples
examined, including those individuals whose PBMCs
were positive. No positive signals for HHV-8 were
detected in either the PBMCs or semen from the 2
HIV-negative homosexual men with KS. The PBMCs
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Table 1. Detection of HHV-8 by PCR

PCR positive (+) for HHV-8/total tested PCR-ISH

Cases HIV serology KS lesion Normal skin Semen PBMCs Semen B lymphocyte

Male homosexuals
AIDS-KS + 12/12 5/12 3/12 3/12 3/12 3/12
HIV--KS - 2/2 1/2 0/2 0/2 0/2 0/2
AIDS (no KS) + ND ND 0/4 0/4 0/4 0/4
Healthy controls - ND ND 0/2 0/2 0/2 0/2

Male heterosexuals
IVDU + ND ND 0/5 0/5 0/5 0/5
Healthy controls - ND ND 0/5 0/5 0/5 0/5

ND, not done; +, positive; -, negative.

and semen of the 4 AIDS patients without KS and the
2 HIV-negative healthy homosexual men were all
negative for HHV-8. The PBMCs and semen from the
5 HIV-positive IVDUs were negative of HHV-8 by
PCR. The PBMCs and semen specimens obtained
from the 5 healthy heterosexual HIV-negative donors
were also negative for HHV-8, although all samples
tested were positive for f-globin by PCR (Table 1).

The three semen and three PBMC samples from
AIDS-KS patients found to be positive for HHV-8 by
PCR were further analyzed for HHV-8 DNA se-
quences by genomic DNA Southern blot. No hybrid-
ized band was observed in any of these samples;
however, positive bands were observed in Southern
blots of the DNAs from eight of nine AIDS-KS tumor
specimens examined (Figure 2).

Using the PCR-ISH method, positive signals were
detected by amplification and hybridization with
p8-globin primers and probe (Figures 3A and 4A),
whereas negative controls, amplification without Taq
polymerase or using PBR 322 DNA probe, were
negative. By using the primer pair and probe spe-
cific for HHV-8, some B cells were shown to be
positive for HHV-8 DNA sequences in three blood
samples from the PCR-positive specimens obtained
from the AIDS-KS patients (Figure 3). Furthermore,
positive signals by PCR-ISH were also observed in a
few mononuclear cells and spermatozoa from three
semen samples that had been shown first to be
positive for HHV-8 by PCR (Figure 4). The positive
stainings were largely confined to nuclei of cells. No
positive staining was observed in either the smears
of blood or semen cell pellets of two HIV-negative
homosexual men with KS or from any of the control
individuals without KS examined by PCR-ISH, includ-
ing five HIV-positive homosexual men without KS,
five healthy HIV-negative heterosexual males, or five
HIV-positive heterosexual IVDUs.

Discussion
The sudden increased incidence of an aggressive,
disseminated form of KS among young homosexual
men in New York and California heralded the AIDS
epidemic in 1981.6-8 Homosexual men account for
95% of all AIDS-KS cases seen in the United States.8
The occurrence of KS among otherwise healthy HIV-

B 1 2 3 4 5 6 7 8

Figure 2. Genomic DNA Southern blot hybridization for detection of
HxHV-8 in KS, semen, and PBMCs. A: Lanes 1 to 5, KS lesions; lanes 6
to8, DNA ofsemen samples positiveforHHV-8 byPCR; lane 9, control
semen sample from healthy HIV-negative donor. B: Lanes 1 to 4,
various KS lesions; lanes 5 to 7, DNA of PBMC samples positive for
HHV-8 by PCR; lanes 8 and 9, control PBMC samples from healthy
individuals.
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Figure 3. Detection of HHV-8 DNA sequences in B lymphocytes of AIDS-KS patients by PCR-ISH. A: Detection for (-globin as a positive control.
Magnification, X200. B: Negative control using primer pairfor 3-globin and probe for PBR 322. Magnification, X200. C: Positive signals were
observed in some B lymphocytesfrom an AIDS-KSpatient. Magnification, X 100. D: Higher magnification ofC showing thepositive stainings, whereas
cells around are negative. Magnification, X 400.

negative homosexual men has suggested that the
epidemic form of KS predominantly seen among
homosexual men with AIDS may be associated with
a sexually transmissible agent, other than HIV, that
may have been introduced into the homosexual male
population at risk for AIDS at or about the same time
as HIV.7,8 The effective safer sex educational cam-
paign that resulted in significant modifications in sex-
ual behavior within the homosexual male community
in the United States may have contributed to the
remarkable reduction in the incidence of HIV infec-
tion in homosexual men and also to the decreased
incidence of AIDS-KS from approximately 43% of the
homosexual men with AIDS seen in the United States
between 1981 and 1983 to less than 15% in 1994.8
The prevalence of AIDS-KS in all of the other groups
at risk for HIV infection has remained extremely low,
despite the continuing increased incidence of HIV
infection among heterosexual IVDUs, their female
sexual partners, and children born to HIV-infected
women.

The detection of HHV-8 DNA in semen and/or
PBMCs of 3 of 12 of the AIDS-KS patients examined
suggests that this virus could potentially be sexually
transmitted in the semen of the patients with AIDS-

KS. Other human herpesviruses such as Herpes sim-
plex virus have been found in semen and has been
infrequently detected in prostatic fluid or biopsied
tissue.14'15 HHV-8 DNA was detected in one sample
of semen supernatant from an AIDS-KS patient in this
study. The origin of HHV-8 DNA in this semen super-
natant is not clear. As both PBMCs and semen pellet
from this patient were positive for HHV-8 by PCR, the
viral DNA detected in semen supernatant could be
released from lysed sperm cells or lymphocytes in
the semen, which both harbor HHV-8. However,
other possibilities, such as HHV-8 infection of the
prostate and the presence of HHV-8 in prostatic fluid
in AIDS-KS patients needs to be examined.

This study confirms the high prevalence of HHV-8
in KS skin tumors from homosexual men with
AIDS-KS and HIV-negative men with KS and the
presence of this virus in normal-appearing skin of
some of these patients as well. The detection of
HHV-8 DNA sequences in 3 of 12 (25%) of the PB-
MCs samples from AIDS-KS patients studied by both
PCR and PCR-ISH, indicates that the PBMCs can
also be shown to be infected with this virus, which is
similar to findings recently reported by other investi-
gators.16,17 In the PCR experiments reported here,

c NMW
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Figure 4. Detection ofDNA sequences by HHV-8 in semen samples by PCR-ISH. A: Smear ofa semen sample shows positive staining using (3-globin
primers and probe as a positive control. Magnification, X 200. B: Semen sample sbows negative staining when Taq polymerase is excludedfrom
amplification stepfor (3-globin. Magnification, X 200. C: Positive stainings were observed in several mononuclear cells and one spenn cellfrom an
AIDS-KSpatient. Magnification, X 200. D: HHV-8-positive signal in nucleus ofa sperm cellfrom apatient with AIDS-KS. The surrounding sperm cells
are negative. Magnification, X 1000.

we included dUTP and uracil-N-glycosylase, which
has been shown to prevent carry-over contamination
between different specimens being examined simul-
taneously in our laboratory. A group of British inves-
tigators have recently found that 52% of PBMCs from
patients with AIDS-KS were positive for HHV-8 using
a nested PCR technique.18 The differences between
the rate of positivity in that study and the findings
reported here may be due to the different PCR meth-
ods employed and/or differences in the prevalence
of HHV-8 in the AIDS-KS patient population exam-

ined in the United States and Great Britain. Further-
more, it is the subset of B lymphocytes of the PBMCs
that have been shown to contain HHV-8 DNA se-

quences; however, the B cells containing HHV-8
DNA were found to be infrequent. Using PCR-ISH,
only 1 to 2% of the B lymphocyte population of the
PBMCs from some patients with AIDS-KS examined
were found to harbor HHV-8. We detected HHV-8 in
3 of the 14 semen samples examined from AIDS-KS
patients; however, in none of the other PBMC or

semen samples we examined by PCR was HHV-8
detected. A recent report has shown that HHV-8 was

not detected in any of the 5 semen samples exam-

ined from AIDS-KS patients.17 HHV-8 DNA se-
quences were detected by PCR in another study in
which they found 30 of 33 (91%) frozen stored se-
men samples from HIV-1-positive homosexual men
and 7 of 30 (23%) specimens from healthy do-
nors.17 19 The present study shows that both sper-
matozoa and mononuclear cells in semen can be
shown to be infected by HHV-8, although the HHV-
8-positive cells in semen were found to be less than
1% of the total cell population.
The DNA sequences of the HHV-8 agent were

detected by PCR and PCR-ISH in some of the semen
and/or PBMC specimens from the AIDS-KS patients
examined; however, the viral sequences were not
detected in these samples by either the conventional
ISH method we had initially performed or by genomic
DNA Southern blot analysis, suggesting that the
copy number of the HHV-8 DNA sequences is much
lower in semen and PBMC specimens than in the KS
tumors from the same donors. These results are
consistent with our PCR-ISH studies that showed that
only a few cells in the PBMC B lymphocyte subset
and semen samples examined were HHV-8 positive.
Nevertheless, these data suggest that semen and
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blood could serve as possible means of transmission
for HHV-8 in homosexual men with AIDS-KS. The role
of HHV-8 in the pathogenesis of KS and the epide-
miology of this new human herpesvirus remain to be
elucidated.

References

1. Chang Y, Cesarman F, Pessin MS, Lee F, Culpepper
JC, Knowles DM, Morre PS: Identification of new hu-
man herpesvirus-like DNA sequences in AIDS-associ-
ated Kaposi's sarcoma. Science 1994, 266:1865-1869

2. Huang YQ, Li JJ, Kaplan MH, Poiesz B, Katabira E,
Feiner D, Friedman-Kien AE: Human herpesvirus-like
nucleic acid in various forms of Kaposi's sarcoma.
Lancet 1995, 345:759-761

3. Moore PS, Chang Y: Detection of herpesvirus-like DNA
sequences in Kaposi's sarcoma in patients with and
those without HIV infection. N Engl J Med 1995, 332:
1181-1185

4. Dupin N, Grandadam M, Calvez V: Herpesvirus-like
DNA sequences in patients with Mediterranean Kapo-
si's sarcoma. Lancet 1995, 345:761-762

5. Schalling M, Ekman M, Kaaya E, Linole A, Biberfeld P:
A role for a new herpesvirus (KSHV) in different forms of
Kaposi's sarcoma. Nature Med 1995, 332:1186-1191

6. Buchbinder A, Friedman-Kien AE: Clinical aspects of
Kaposi's sarcoma. Curr Opin Oncol 1992, 4:867-874

7. Beral V, Peterman TA, Berkelman RL, Jeff HW: Kaposi's
sarcoma among persons with AIDS: a sexually trans-
mitted infection? Lancet 1990, 335:123-128

8. Drotman DP, Peterman TA, Friedman-Kien AE: Kapo-
si's sarcoma: how can epidemiology help find the
cause? Dermatol Clin 1995, 13:575-581

9. Boshoff C, Schulz TF, Kennedy MM, Graham AK,
Fisher C, Thomas A, McGee J, Weiss RA, O'Leary JJ:
Kaposi's sarcoma-associated herpesvirus infects en-
dothelial and spindle cells. Nature Med 1995, 1:1274-
1278

10. Li JJ, Huang YQ, Cockerell CJ, Friedman-Kien AE:

Detection of the herpesvirus-like agent (HHV-8) in clas-
sic and epidemic Kaposi's sarcoma by in situ hybrid-
ization. Am J Pathol 1996, 148:1741-1748

11. Brinchmann JE, Vartdal F, Gaudernack G, Markussen
G, Funderud S, Ugelstad J, Thorsby E: Direct immuno-
magnetic quantification of lymphocyte subset in blood.
Clin Exp Immunol 1988, 71:182-186

12. Longo MC, Berninger MS, Hartley JL: Use of uracil
DNA glycosylase to control carry-over contamination in
polymerase chain reactions. Gene 1990, 93:125-128

13. Nuovo G, Gallery F, MacConnell P, Becker J, Bloch W:
An improved technique for the in situ detection of DNA
after polymerase chain reaction amplification. Am J
Pathol 1991, 139:1239-1244

14. Centifano YV, Drylic DM, Deardousff SL, Kaufman HE:
Herpes virus type 2 in the male genitourinary tract.
Science 1972, 178:318-319

15. Detuse FA, Drylic DM, Kaufman H, Centifanto YN: Her-
pesvirus type 2 isolation from seminal vesicle and tes-
tes. Urology 1976, 7:541-545

16. Collandre H, Ferris S, Gran 0, Montagnier L, Blanchard
A: Kaposi's sarcoma and new herpesvirus. Lancet
1995, 345:1043

17. Ambroziak JA, Blackbourn DJ, Hermdier BG, Glogan
RG, Gullett JM, McDonald AR, Lennette ET, Levy JA:
Herpes-like sequences in HIV-infected and uninfected
Kaposi's sarcoma patients. Science 1995, 268:582-
583

18. Whitby D, Howard MR, Tenant-Flowers M, Brink N,
Copas A, Boshoff C, Hatzioannou T, Suggett FET, Al-
dam DM, Denton AS, Miller RF, Weller IVD, Weiss RA,
Tedder RS, Schultz TF: Detection of Kaposi's sarcoma
associated herpesvirus in peripheral blood of HIV-in-
fected individuals and progression to Kaposi's sar-
coma. Lancet 1995, 346:799-802

19. Lin JC, Lin SC, Mar EC, Pellett PE, Stamey FR, Stewart
JA, Spira TJ: Is Kaposi's-sarcoma-associated herpes-
virus detectable in semen of HIV-infected homosexual
men? Lancet 1995, 346:1601-1602


